This paper continues the author's work [1] [2], where a novel framework of the matter-induced physical geometry was built and an intrinsic nonlinearity of the Dirac equation was discovered. The previous analysis of solitary waveforms' properties [2] is extended to the four-component Dirac field. It is found that the internal spherical symmetry of the Dirac waveforms is broken to the axial one. The nonlinear Dirac equation is solved and the localized configurations are found analytically. A strict proof that the proper time slowdown is the major mechanism of autolocalization is presented. The previous qualitative conjecture regarding stability or instability of the two types of the waveforms and the origin of cosmological charge asymmetry is supported by detailed analysis. A solution of the problem of mapping between the matter-induced geometry of autolocalized waveforms and the geometry of an ambient Minkowski space is proposed. These results resolve the longstanding puzzle of how the physical Dirac field of real matter becomes a finite-sized particle.
Introduction
In the previous papers of the author [1] [2] a novel framework of the matterinduced affine geometry (MIAG) was developed and the simplest (two-component) autolocalized solutions of the nonlinear Dirac equations were found in explicit form. The solitary autolocalized Dirac field waveforms in free space turned out to be spherically symmetric, and, most importantly, this symmetry is dynamical; it is a consequence of the equations of motion. Below, we continue our quest for the stationary/stable autolocalized solutions because only these are pertinent to the problem of cosmological charge asymmetry. The requirement of absolute stability seems to be imperative in interstellar or even intergalactic space, but it is not necessarily a prerequisite in laboratory experiments. These are conducted in "normal" charge-asymmetric world with primitive fragments of antimatter created artificially, and then thoroughly guarded in sophisticated traps.
The Problem. In this study, we aim at finding solitary static autolocalized solutions of the Dirac equation along with a proof that the generic nonlinear mechanism of autolocalization (the local time slowdown) favors matter over antimatter. From this perspective, the case of hydrogen or anti-hydrogen atoms is not a one-body problem, and it is not addressed here. Autolocalization of the Dirac field from fluctuations in a uniform background (which will be addressed in another paper) is most likely a very slow and rare transient process that ends up with a proton. Its timescale and relative weight of all the underlying processes and/or mechanisms are not yet clear, but the Universe definitely had enough time to conduct such an experiment. Unlike the pioneer work by A. Sakharov [3] , where the origin of currently observed charge asymmetry was attributed to the violation of CP-invariance and nonequilibrium processes in the early hot Universe, this work ascribes it to the fundamental mechanism of the Dirac field autolocalization.
The present work extends the previous results [2] to a more realistic case of the four-component Dirac field. Being otherwise unwieldy, calculations are significantly simplified by accounting, ab initio, for the earlier discovered [1] dynamical spherical symmetry; below, we call it the "spherical ansatz". The explicit calculations confirm our previous conjecture that only one of the two major types of isolated localized solutions is genuinely stable (has well-defined energy and satisfies all the consistency conditions). It is identified as a particle with positive charge and negative energy. It is imperative to find, as the next step, the transient process that ends up with a stable autolocalized waveform.
The Method. The earlier developed [1] mathematical background for the present work is based on the following ideas and results. It has been observed long ago [4] that if a physical Dirac field is defined at a point in spacetime continuum (the principal differentiable manifold  ), then such field determines the tetrad of Dirac currents. These are linearly independent and Lorentzorthogonal. They can serve as local algebraic basis for any four-dimensional vector space, including the infinitesimal displacements in coordinate space. The singular case when the Dirac currents are lightlike, which is possible only on a two-dimensional surface in spacetime, is not considered here. With this exception, the Dirac field provides the means to navigate through the spacetime so that geometry can be viewed a descendant of stable Dirac matter.
The Dirac currents (one timelike and three spacelike) are further employed as the Cartan's moving frame in spacetime, which, in its turn, resulted in the technique of covariant derivatives for the vector and spinor fields. The physics was naturally brought into this mathematical picture by the equations of motion of the Dirac field. The 28 primary differential identities that were derived in [1] from equations of motion fully determined all the components of the matterinduced affine connection (the Ricci coefficients of rotation of the tetrad) in  and without resorting to a particular coordinate system. Connections determined this way completely defined an affine geometry (endowed with the connection but with no metric), which was dubbed [1] a matter-induced affine geometry. With known connections, it became possible to find the coordinate lines and surfaces of the MIAG, all of which have a clear physical meaning and quite high degree of symmetry. Notably, the MIAG uniquely determines the hypersurfaces of constant world time of a waveform, though inside a stable solitary waveform there can be neither events nor propagating signals (not to speak of rods and synchronized clocks) 1 .
The general properties of coordinate surfaces in  are discovered in [1] without any assumptions regarding the nature of an ambient space or the Dirac field. It appears that the main qualitative characteristic of the stationary Dirac object is the direction of axial current, which can point only outward or inward.
It was realized that the locally defined notions of outward and inward are prerequisites for any reasonable discussion of the localization phenomenon. The framework of matter-induced affine geometry not only ideally fits this goal but also explains the autolocalization, as it is seen in the real world, as an intrinsic property of the Dirac field. For a waveform with the mass parameter m, the nonlinearity of Dirac equation is effective at distances comparable with the Compton wavelength, c mc
The Outline and Results. The paper is organized as follows. Section 2 provides a concise overview of the results of the author's papers [1] and [2] , where the concept of MIAG was introduced. In Section 3.1 we explicitly translate the previously established spherical symmetry into the requirement that the axial current only have one nonzero component ( ) 3  . The spherical ansatz carries no ambiguity, since the congruence of lines of the axial current is both normal and geodetic. Section 3.2 accumulates observations from a frontal attack on the nonlinear system of equations for the four-component Dirac spinors, which point to the most rational choice of variables. At the end of this section we describe the complete protocol of mapping the ambient space 4  onto physical manifold  , where all "geometric quantities" are defined by the Dirac field. The radial coordinate r, which is compatible with the matter-defined affine curvature and can serve as a usual coordinate in the ambient 4  , is introduced in Section 3.3. The 16 additional differential identities (this time, for the convection currents), that serve as a test for the stability of the solitary waveforms are derived in Section 4. Using the "optimal variables" found in Section 3.2, the original system (written down explicitly in Appendix B) is 1 Since it is impossible to place rods and clocks within a stable solitary waveform, the proper time
x is defined as a parameter along the lines of the timelike vector current (as if they were trajectories of the test-particles). The world time τ , which is the same over entire waveform, enumerates the normal hypersurfaces, which are orthogonal to the congruence of lines of the vector current. The main result of the MIAG is that . Furthermore, their shape is not fixed any by the nonlinear dynamics (as it should be for all autolocalized waveforms, e.g. solitons). This is an ultimate proof of the previous conjecture that proper time slowdown is the major mechanism behind autolocalization in physical manifold  .
The last section points to several intriguing results which did no receive the discussion they deserve. All of them are challenges that could not be addressed in this paper, because they probably cannot be met within the scope of one-body problem. We are just making physically motivated conjectures. For example, we
propose to look for a correlation between the excess of positrons in cosmic rays and strength of magnetic fields in their sources.
The Framework
Looking for a solution of the practical problem of autolocalization of the Dirac field into solitary waveforms I proposed a novel concept of matter-induced affine geometry (MIAG) [1] . It stems from the observation that Dirac field , which is small subset of many Fierz identities [5] , and, by definition, 
where ab η is a usual pseudo-Euclidean Minkowski metric, the quadruples , ,
with an arbitrary mass parameter m. 
where [ ]
3
∂  is the derivative of invariant density  in direction of the axial current, and it has an algebraic representation via the pseudoscalar density  .
Hence, the equation of motion (2.3) acquires a term, which is linear in Dirac field ψ and in pseudoscalar  , which, in its turn, is bilinear in ψ . Therefore, Dirac equation becomes a nonlinear system, 
where the anomalous term, ( ) 
are complete (integrable), both τ and ρ are the matter-defined holonomic coordinates over  . , in their interior, so that the proper time flows faster than the world time. They must be light, negatively charged, and cannot be truly localized or even stationary unless there exists an external "attractive field"; otherwise, waves of the Dirac field will tend to escape into ambient space.
ρ ∂ = ∂  , these two directional derivatives yield two additional nonlinear terms to the Dirac equation (2.5) . The first of them is solely responsible for the local time slowdown, which gives a major contribution to autolocalization. In fact, this is the main physical mechanism behind autolocalization of any wave field, which always tend to concentrate in domains with the minimal phase velocity.
In this paper, we consider the general case of four-component Dirac spinors and address the issue of stability more thoroughly. Namely, we examine whether the autolocalized Dirac waveforms, which were discovered within the MIAG framework, satisfy an extended set of differential identities (unconditionally or under specific conditions). For some of them, the answer will be affirmative.
These are the true physical solutions. All others must be rejected. 
where 
The Four-Component Dirac Spinors, Qualitatively
Below, we explore the properties of the four-component solutions. In this paper, advancement became possible due to the following earlier observation. 
Spherical Ansatz
An oddity of the Dirac field is that it cannot be embedded into an arbitrary coordinate background, just because establishing of relation between the internal basis of the Dirac currents in the principal manifold  and the ambient coordinate space 4  requires three tetrads, viz., A ∈ e  , the tetrad a ∈ h  and a judicially chosen "coordinate tetrad" { } x µ ∈  must be totally arbitrary (the physical Dirac field is a coordinate scalar).
Parameter ρ on the radial geodesic (which is not an affine parameter) is a 3 In context of differential geometry, it is always possible to choose a principal n-th congruence and then augment it (in general, in more than one way) with n − 1 conjugated congruences, forming a canonical system of mutually orthogonal congruences [6] . In our case, the radial congruence is the principal one due to equations of motion and is physically motivated by autolocalization, while the canonical system is always given by a set of the Dirac currents.
holonomic variable, i.e., the radial coordinate ρ is well-defined 4 . [1], Section 6). These facts clearly point to a possibility that Dirac equation (2.5) can have solutions where axial current has only one component,
Then, orthogonality of the tetrad requires that 
in their turn, must differ by π (since
Within this ansatz, the most general expressions (A. 
The 
Below is the list of notation and useful identities that stem from the ansatz (3.1) and will be extensively used:
, ,
It was established earlier [1] that within any connected domain where
Having no metric, we assume here geodesic of an affine space, i.e. such a line ( ) These two cases must be treated separately.
Tetrads Induced by Nonlinear Dirac Equation.
This section is a blueprint for Appendix B and Section 5, where the nonlinear 
, which are read out from the ansatz (3.2), are as follows, 
The rest of this section is based on the observations made in the course of 
Just by inspection, one can observe that after expressions (3.8) 
These equations contain derivatives
cos sin
sin cos
Therefore, the original tetrad vectors
This trade-off is nothing but the result of rotation of the basis a h by an angle
. In terms of the
, , ,
where the "tangent rapidity" ( ) η ψ depends only on the ratio u d ; it is introduced in such a way that
Therefore, the natural counterpart of the tetrad [ ] 
Transformations (3.12) and (3.13) of the directional derivatives correspond to the following transformations of the tetrad vectors:
It is worth reminding, that tetrad ( ) (3.14) [ ]
Since transformations (3.14.a) and (3.14.b) are reciprocal, we find that the , t x ∈  of (3.14.b) with the directions ( ) ( )
, i.e. that the tetrad h is not an object from the coordinate manifold 4  . Transformations (3.14) engage only temporal and azimuth directions,
. Therefore, for the four-component Dirac field, the  appears to be the direct product of the two-dimensional subspaces 
, which mix holonomic τ and non-holonomic X , are non-holonomic also.
The main result of the foregoing qualitative analysis is that the following string of transformations, 
Looking forward to the future study of the transient processes, one must keep in mind, that ( )
is an harmonic function and that ( ) Once a solution of the Dirac equation is found, i.e., the parameters 
where β are the tetrad indices in differentiable manifold , simply because length is not even defined within the affine geometry. At best, one can have a parameter that orders points along each particular curve. In can actually be checked in a straightforward way that for the previously found explicit solutions [2] ,
The character of this inconsistency prompts a pragmatic (or just a poor man's) solution.
Since the congruence of lines of the vector { } [ ] 
Then, according to (3.19 ) and (3.14.a), 
Similar relations hold for the directional derivatives in the same bases, i.e., we can replace in these equations A → ∂ while preserving the same indices. In Section 5 we will find that equations of motion require that ( 
Discussion and Outlook
It must be clearly understood that none of the transformations of the Dirac 8 The presence of the vectors [ ]
in the tetrad is necessary not only from geometric perspective (without them the tetrad would be incomplete). In fact, they are the matrix elements of transitions between the Dirac field and its charge conjugate (between the states of the positive and negative energy). The existence of transitions into intermediate charge-conjugated states and accompanied by the spin-flip, is vital even for basic QED processes like Compton scattering, which is a wellknown fact. It is rarely emphasized, that namely these transitions, alone, completely determine the classical long-wave limit of the Compton process (Thompson scattering) [7] . In modern language, the pole of the propagator of the positive-energy intermediate states in Compton process is strictly fixed by the total energy (because this is the s-channel), and it does not contribute to the angular distribution of the scattered photons. All angular dependence comes from the propagator of the negative-energy intermediate states (which is similar to the propagator of the t-channel potential scattering and thus accounts for all partial waves). In the context of the transient processes, it is also possible to trace a deep physical connection between this property of the Compton scattering and the classical Ewald-Oseen's extinction theorem.
currents from their original form (3.2) to (3.9) and, ultimately, to (3.17) and (3.19) affect the Dirac field of a wave form, which is a coordinate scalar. Each one of the transformations (3.16) is a mapping between equivalent tetrads at a point P ∈  . The parameters of these local transformations, Our immediate goal is to match the two coordinate systems. One of them,
, , , All points of an umbilical manifold are umbilical. A point P is called umbilical if all principal curvatures at this point are equal, so that all tangent directions at a point P are equivalent. Spherical symmetry of solitary waveforms is very intuitive and is usually taken for granted. But it appears that Dirac field respects our intuition that was developed back in the classical physics. The Dirac equation becomes nonlinear and yields solitary autolocalized solutions, which stunningly resemble, by their properties, natural objects. A proof that spherical ansatz (3.1) is the only possible option would be a paraphrase of the well-known Birkhoff theorem that any spherically symmetric solution of the vacuum field equations must be static and asymptotically flat. This means that the spacetime outside of a spherical, non-rotating, gravitating body must be given by the Schwarzschild metric. (3.17) , which are induced by the solutions of the equations of motion (3.5) . The spherical symmetry of the ambient space is also a first step towards the problem of a moving waveform as well as of two waveforms/bodies.
2) Radius of a sphere. As it was just mentioned, the radial variable ρ ∈  is poorly suited for this purpose just because the geodesic curvature 
Differential Identities for Convection Currents
Equations ( In holonomic coordinate basis, this would be a well-known result. 
Collecting all terms proportional to a j in the l.h.s., we obtain the final result for the convection flux of the scalar density F   , so that convection and total currents are parallel (which hints an intrinsic stability). Finally, one can determine the fraction of polarization current within the total one in both modes.
2) The axial current a  . The Gordon's decomposition of the axial current is surprisingly different. Since Taking the half-sum of these two expressions and separating symmetric and skew-symmetric products of Dirac matrices, we obtain ( ) Unlike the previous case, we find in the axial current neither convection flux, nor a recognizable polarization component. Instead, the last equations allows one to discover that the pseudoscalar density  of the Dirac field has the intrinsic property of propagation and can be viewed as a relativistic field in its own right [10] .
The expected pattern of the convection current of the pseudoscalar density emerges if, instead of the sum, we take difference of the substitutions (4.5). This results in an identity, 
Therefore, the convection current of the pseudoscalar density 
Quite understandably, the pseudoscalar density is carried not by a spacelike axial current, µ  , but by a timelike vector current, j µ .
3) The "charged currents" 
Once again, using Eqs. (2.3) and exercising some algebra we obtain,
and rearrange Eq. 
The Four-Component Dirac Spinors. Reduction to Real-Valued Equations
In this section,which is mostly technical, we carry out the program outlined in sin , ; sin , ,
where, we remind, . (3.1) ). In fact, these phase differences determine the shape of waveforms, which is rather a rule than exception for autolocalized 
sin , 
Importantly, ρ is a holonomic coordinate so that the path ordering P ρ is unambiguous.
2) The In what follows, we are interested only in the stationary solitary waveforms.
Therefore, we continue with an ad hoc assumption that the components ( ) a A ∈  are static with respect to the world time τ ∈  of a stable waveform, 2) The sum of two phases
Autolocalized Dirac Waveforms in 
, as well as "rapidity" η do not depend on ρ ; a priori, they can depend on any of the three other variables.
Under assumption (5.7), Eqs. (5.4) and (5.6) will yield even more similar relations that allow one to drastically simplify both systems:
3) The Lorentz parameter η does not depend on τ , Other relations of this kind are mode-specific, partially because the choice of the meaningful physical variables critically depends on whether the mode is stable. This is not known in advance .
It appears that there are only two viable options that we will employ here and motivate later on in Section 0 after we derive in Section 0 additional differential identities that involve convection currents.
6.1.
u Ψ -Mode, u d 2 2
> . The Analysis of Equations
The outward polarized two-component solitary waveform u ψ was proved [2] to uniquely determine the world time τ , in terms of which u ψ is stable simply because it does not interact with an external field. The four-component solitary waveform u Ψ will be proved to be stable under certain conditions, which we will assume at the moment. Therefore, τ is an adequate time variable. Since The functions  and ϒ cannot depend on ( ) exterior, where the energy is defined with respect to time , the difference between Eqs. (6.14.a) and (6.14.f) and Eq. (6.14.b) can be cast as Ψ cannot be considered a stable mode at least in the sense that it does not determine the same world time τ over the entire waveform.
Analytic Solutions in Principal Physical Manifold 
In order to fix a reference point for a further discussion, we begin with reviewing the exact formal solutions of some of the above equations and disregarding for a while further constraints that may invalidate them as physical solutions. Modulo the notation, the systems of Eqs. , we rewrite these systems as In this form, the equations only differ in the sign of energy. Let
1) Solutions in the absence of external field
When 0 A τ = , the two modes share the same characteristic equation,
Its general solution, depending on one, yet undetermined constant C, is Obviously, uniform charge distribution does not produce any electric field.
Therefore, if we subtract from the invariant density (6.25) the uniform "vacuum part = 1", then the remainders,
, will have opposite signs, which then can be associated with the sign of a charge. Together with wellmotivated autolocalization, this picture seems to be a classical equivalent of the so-called Dirac sea, which avoids the enigmatic concept of the completely occupied states of negative energy.
2) Solutions in external coulomb field
Because of the stringent constraint (6.18), 0 η = , only the two-component 
is an extremely complicated difference-differential equation [12] . Though it is tempting to view it as a candidate for the description of a hydrogen atom within framework of MIAG, the problem of solving this equation is beyond the scope of 
Analysis of the Reduced Equations in  4
As previously, we begin with the system (5.4) for the mode u Ψ and with (5.6) for the mode d Ψ . As it has been discussed in Section 3.3, we will be able to use angles ( ) , ϑ ϕ instead of the angular arcs The latter originated from the slowdown of the local time τ , which is the genuine intrinsic mechanism behind autolocalization. Here, we start with Eqs.
(7.4) and (7.5) that were derived using the time variable and, by virtue of (3.2), The characteristic equation of the system (7.6) and its solution are as follows (
cos 2 cos , cos 2 cos 2 1 ,
where, as previously,
(7.6.a) become as follows, However, it is the same solution (7.9) (cf. footnote 12 ).
Since now Eq. (7.7) is reduced to ( )
2 cos 2 C =   , the distribution of invariant density becomes as follows, density is due to a much weaker effect of the non-vanishing pseudoscalar density.
As a consequence, in order to get charges of both signs, one must resort to Fermi-quantization along with an enigmatic concept of the "Dirac sea" of completely occupied states of negative energy.
Summary and Outlook
Here, we are going to review the results of this two previous papers The Lorentz-like mathematical structure of MIAG is solely due to the algebraic properties of the Dirac field, and it clearly discerns the inward and outward directions within a waveform. But, once a localized form is stable, it can respond to any conceivable measurement only as a whole. Within a stable solitary waveform there can be neither events nor test particles, signals, clocks and rods (which makes it very different from another nonlinear theory, the general relativity). The geometry of its interior can only be affine. In order to learn if the Dirac field can determine a metric, one has to solve at least a twobody problem.
An important result discovered within MIAG is that the a priori expected perfect dynamical spherical symmetry of  appears to be broken down to the axial symmetry of the solution, which is consistent with the anticipated internal polarization of a Dirac particle. Indeed, the first one of the transformations , but the Coulomb field will not be electrostatic in term of the world time τ of the electron. Mathematically, the shape of d Ψ -waveform will be governed by Eqs. (6.27), which cannot have so simple solutions as (6.25), just because these are the differential-difference equations [12] . Physically, the ratio of proton and Bohr orbit radii is about , so that the nonlinearities, which are effective only at distances of the order mc  , will be negligible.
In the course of this study, we have explored two different approaches to the stability of autolocalized waveforms. The simplest one, which was used in Ref. [2] for the two-component solutions, alludes to the perturbation theory and is readily reproduced for the case of four-components. Indeed, let us assume that A more thorough approach is taken in this paper. To be precise, in scope of MIAG, the equations of motion are being solved not for the Dirac field ψ , but for the four so-called Dirac currents, which are more closely connected with the observables. Equations that govern their dynamics are the differential identities derivable from the original Dirac's system of PDE. They do not just replace the equations of motion. They also serve as a set of consistency conditions, which are needed to filter out the stationary/stable autolocalized solutions. Those waveforms that do not satisfy all of them, are not considered the solutions.
All differential identities appear to be satisfied for the outward polarized u Ψ -mode (with the axial current looking outward and a magnified invariant density 14 With all phases recovered, this matrix element is as follows,
e e e e e e
(the same holds for the R φ ) [2] . This matrix element, as expected, oscillates as There also are other intriguing physical questions. 1) As it was pointed out long ago by A.Eddington [13] in connection with the bound state problem, "a proton today and an electron yesterday do not constitute a hydrogen atom". From perspective of MIAG, the same problem sounds as follows. Being considered as autolocalized waveforms, do electron and proton determine a common world time τ across the hydrogen atom? Obviously, the answer is negative because electron and proton are two different waveforms and it is unlikely that Dirac theory of hydrogen atom can be reduced to three spatial dimensions.
2) So far, the static fields [ ]
0
A and/or { } 0 A in constraints like (6.10) and (6.16) were considered the external fields. Should/can they also have the Dirac field of the waveform as their source. Whatever the answer will be, it will clarify if Maxwell equations are the constraints required by the Dirac equations.
3) Is there a way to determine orientation of the aforementioned preferred coordinate system when there is no external fields? In other words, is solitary proton similar to a magnetized needle? 15 The reader can view the last question as a version of the Mach paradox. 4) Finally, the biggest challenge is to find a regular method to treat the transient processes with the Dirac waveforms in order to study how autolocalization may develop in time. Now we know that the internal spherical symmetry of a stable waveform is broken to the axial one. Therefore, we can read the chain of transformations (3.16) We consciously refrain from using the anti-hermitian matrices 3  0  3  0  3  0  0  3 , , Indeed, we have, 0  3  0  3  0  3  0  3  0  3   0  3  0  3  0  3  0  3  0  3 , , Here, since 
